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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

1652 

Loiraine Spector 
6S68 
77202 

. REGULATOR PROTEINS 

Attn.: Certificate of Corrections Branch 
Commissioner fbi Patents 
P.O. Box H50 
Alexandria, VA 22313-1450 

ftgQTJEST FQft CERTIFICA TT? HE COpKKCTlOW 

Dear Sir: 

Pursuant to 37 C J.R § 1 .322, the patentee respectfully requests reconsideration of 
one item of a Request for a Certificate of Correction, originally submitted on May 2, 2008. 



Applicant : Barbas 111 et al. Art Unit . 

Patent No.: 7,329,728 STE* 5 

Issue Date: February 12, 2008 Conf. No. : 

Serial No. : 09/586,625 Oust. No. : 

Filed : June 2, 2000 _ r 

Tide : UGAND ACTIVATED TRANSCRIPTIONAL 



IN THE TITLE PAGES: 

to Item (56) References Cited, in OTHER PUBLICATIONS: 

please add the following reference: - Shu et al, 'Vglobin 8«* expression in C1D- 
dependent multi-potential cells established from beta-YAC transgenic mice/' J. Biol. Chem. 
Paper* in Press. Published August 30, 2005 as Manuscript M5Q440220Q-. 
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Applicant : 
Patent No. ; 
Issued 
Serial No. : 
Filed 



Sottas ei al. 
7,329,728 
February 12, 2008 
09/586,625 
June 2, 2000 



Attorney Docket No.. 119362-O0002/1227B 
tequai for Certificate of Correction 



REMARKS 

A Certificate of Correction (Form FTO-1050) incorporating the above changes is 
included wilh this Request. Because it appears that this second request for a Certificate of 
Correction is necessary because of an error on the part of the Patent Office, no fee should be 
due. If it is determined that a fee is due, the Office is hereby authorized to charge any fees 
due herein to Deposit Account No. 02-1 818. 

This Certificate of Correction seeks to correct an omission by the PTO in the 
"OTHER PUBLICATIONS" sections of the References Cited, Item (56). This reference was 
provided to the Patent Office on a PTO- 1449 form on November 22, 2005. The reference 
provided to the Patent Office was a "Paper in Press" and therefore does not havo a volume 
number nor page numbers. The identifying information, indicated at the top of the first page, 
states: "JBC Papers in Press, published on August 30, 2005 as Manuscript M514402200" 
along with the Authors and Title. Therefore as provided on PTO- 1449 form, the Blau et al. 
reference includes this identifying information; Author, Title, Journal and the date August 30, 
2005. This reference was considered by the examiner, as evidenced by the examiner-initialed 
PTO-1449 form, mailed to the Applicant on August 7, 2006. Hence this reference was 
entered into the filing history of the application and should appear on the face of the patent. 
A copy of the examiner-initialed PTO-1449 form, mailed to the Applicant on August 7, 2006, 
and a copy of Blau et al., as provided to the Patent Office, are attached. 

Patentee respectfully requests correction of this error by issuance of a Certificate of 
Correction. 
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Reg. No. 33,779 
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Stephanie Seidman 

B£LL, BOYD & LLOYD LLP 

3580 Carmel Mountain Road, Suite 200 

San Diego. CA, 92130 

Telephone: (858)509-7410 

Facsimile; (858)509-7460 

email; sseidxnan@beUboyd.com 
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SuBSTflVTE FORM PTC/Saw (5-03) 



Staple 



Hero 
Onty 



UNITED STATES PATENT AND TRADEMARK OFFICE 
CERTIFICATE OF CORRECTION 



Page 2 of X 



PXTEWT NO. 
APPLICATION NO 
Dated 

lNVEMTOft(S) 



7,329.728 
09/586.625 
February 13, 2009 
Barbasiiictau 



it is certified ttiat an error appears in the above-identified patent and mat saw Letters Patent is 
hereby corrected as shown below: 

IN THE TITLE PAGES: 

In Item [56] References Cited, in OTHER PUBLICATIONS: 
please add *e following reference: — Blau et aL, *>gJobin gene expression in CE>- 
dependent multi-potential cells established from beta-YAC transgenic mice," J. 
Biol. Chem, Papers in Press, Published August 30, 2005 as Manuscript 
M504402200— 



MaiunG ADDRESS OF SENDER: 

Stephanie Seidman 

Bell, Boyd & Lloyd, LLP 

3580 Carmei Mountain Road. Suit© 200 

San Diogo, CA, 92130 
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JBC Papers in Press. Published on August 30, 2005 as Manuscript M5044O22OO 



Y-GLOIWN GENE EXPRESSION IN CO-DEPENDENT MULTI-POTENTIAL CELLS 
ESTABLISHED FROM p-YAC TKAN SCENIC MICE* 
C. Anthony Blaa J , Carlo* P, Barb**, III 1 , Anna L, Bombotf, R*a*e Neades*, James Yan\ Patrick 

A. Navas\ and Kenneth *L Peterson*' 5 ' 1 
From the Divisions of 'Bematology, and ^Medical Genetics, Department of Medicint, University of 
Washington Medical Center, Seattle, WA, 98195, 'SKagg* Institute for Chemi cal Biology and 
Department of Molecular Biology, The Scripps Research Institute, La Jolla, CA, 92037, and 
Department* of biochemistry and Molecolar Biology* and s Auatomy and Cell Biology, University 
of Kansas Medical Center, Kansas City, KS, 66213. 
Running title; Ctt^epcndcnt p-YAC bone marrow cells 
^Address coircspondeace to: Kenneth R. Peterson, PhD. Pepartraent of Biochemistry and Molecular 
Biology MS 3030, University of Kansas Medical Center, 3901 Rainbow Boulevard, Kansas City, 
Kansas, 66160, Phono: (913) 588-6907, FAX; (913) 58&-7440, E-mail: kpde^n^loimc.etifr 



Identification of trans-acting factors or 
drugs capable of reactivating y-globin gene 
expression is complicated by the lack of suitable 
cell lines. Bum an K562 cells co-express e- and 
y-globin, but not p-globin; transgenic mouse 
crythrolenkemia 585 celfe express 
predominantly human p-globin, but also T" 
globin; and transgenic murine GM979 ceils co- 
express human r-and p-globin. Uuman p- 
globin locos yeast artificial chromosome 
transgenic mice display correct developmental 
regulation of p^Oce globin gene expression. We 
rationalized that cells established from the 
adult bone marrow of these mice might express 
exclusively p-globin, and therefore could be 
employed to select or screen inducers of >- 
globin expression, A thrombopoietin receptor 
derivative that brings the proliferative status of 
primary mouse bone marrow cell* under 
control of a chemical Inducer of dimerizaftm 
was employed to institute and maintain these 
cell populations. Human p-g^ bJn ™ a 
expressed, but y-globto was not; a similar 
expression pattern wa» observed in cells 
derived from fetal liver, y-globin expression 
waa induced upon exposure to 5-azacytidine, in 
cells derived from -117 Greek hereditary 
persistence of fetal hemoglobin p-VAC mice, 
showing that the BPFH phenotype was 
maintained in the*« cells, or was reactivated by 
an artificial zmc-finger-y-globin transcription 
factor and the previously Identified fetal globin 
transactivanirs FKLF and FG1F. These cells 
may be useful for identifying transcription 
factors that reactivate y-globin synthesis or 



screening y-globin inducers for the treatment of 
dicklc cell disease or p-thalas»emia. 

Members of the human p-Uke globin gene 
family are developmental^ regulated, Tnc genes 
arc arrayed m the order in which tbey art 
expressed during development, S'-e-WS-P" 3 '' 
During primitive cryrhropoiesia, the embryonic e- 
globm gene is expressed in nucleated, yoUc-sac 
derived erythroid cells Later, during fetal 
definitive erytbropoiesis, the tandem fbml y-globin 
genes are expressed in enucleated erythroid cells 
of the fetal liver, finally, the p-globin gene, and 
to a much lesser extern the 5-globin gene, are 
expressed initially in the liver during fetal 
definitive crythropoicsiii and ultimately in bone 
marrow-derived erythroid cells during adult 
definitive crythropoicsis. The leruporaUy 
regulated expression of the p-Uke globin genes 
provides a paradigm for developmental control m 
mammalian cells. Transgenic mice have been 
instrumental to the identification of many ex- 
acting elements and nans-acting factors necessary 
for normal developmental control. The individual 
globin genes, including their gene-proximal 
regulatory sequences, arc variably expressed in 
transgenic mice. However, when linked to the 
locus control region (LCR) 1 , a powerful regulatory 
motif consisting of five DNAsel-bypeTsensitivc 
sites (HSs) located upstream of the e-globin gene, 
high-level, copy number-dependent, integration 
site-independent expression is achieved. Correct 
human hemoglobin switching can be largely 
mimicked in transgenic mice containing a human 
p-globin locus yeast artificial chromosome (P- 
YAC; i). Although mice do not have a fetal stage 
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of globin gene expression, the human y-globin 
gene* arc expressed in the fetal liver, similar to 

humans. . . . 

An improved understanding of giobiu 
gene regulation is clinically relevant, since the 
beneficial effects of elevated feral hemoglobin 
levels (HbF, ai-u) » P^enu with sickle cell 
anemia and P thalassemia tare well documented 
(2) Considerable attention has been directed at 
identifying kruppel-lta factors (KLFs) mat 
specifically trausactivate y-globin gen© expression 
as a potential appro** to geno therapy (3, 4). 
Additionally, many investigations have focused on 
identifying new pharmacological compounds mat 
are capable of inducing yglobiu production (5). 
However, the identification of y-globin inducers, 
either proteins or drugs, has been hampered by the 
lack of suitable m virro model systems for 
selection of activators or for screening chemical 

compounds. J , _ 

A number of in ylvro models for 
evaluating putative y-globin inducers have been 
reported. Cultures of primary adult human 
crymroid progenitors capitalize on the significant 
levels of y-globin that are detected in these cells. 
Cultures of primary human burst forming units- 
crythroid (&FUc), either in clonogemc assay* (&) 
or in suspension (7) have been used to evaluate 
putative y-globin inducers. However, these assays 
cannot be standardized; to they are difficult to 
use for large scale screening. While greater levels 
of standardization can be achieved with 
established erythroid cell lines, none of the human 
crymxoleukemia lines displa/ a normal adult 
pattern of globin gene expression, K562 cells, 
commonly used for this purpose, predominantly 
express Y-globin, variable levels of e-globin, and 
no ft-globin. Therefore, an increase in y-globin 
gene transcription in K562 cells may be a 
consequence of promoting globin gene expression 
generally, rather than via a mechanism that 
preferentially activates y-giobin gene expression. 
Mouse erythroderma (MEL) cells display an 
adult pattern of globin gene expression; however, 
as noted above, mice lack a fetal globin gene. 
Initial attempts to develop MEL cells suitable for 
screenmg y-globin inducers involved the 
generation of stably transfectcd cells incorporating 
various DNA fragments containing the human r 
globin gene, but transgenic cell lines generated m 



this manner failed to demonstrate proper 
regulation of the introduced y-filobin gene (8). 
Similarly, y-globin gene expression in MEL cells 
containing a human |*-globin locus YAC transgenc 
was not correctly regulated (9, 10). In MEL 585 
cells, p-globin gent expression predominates, 
although some y-globin gene product is observed, 
whereas in OM 979 cells y-globin and p-globin are 
co-expressed. Finally, developmental stage 
appropriate expression of human globin genes is 
achieved over time in hybrids generated from 
MEL cells fused to human fetal liver cells (HFE- 
MEL hybrids) or in MEL cells fused to human 
lympboblasts (11), However, the degree- of 
completion of switching is variable and the cells 
eventually display the globin expression pattern of 
the terminal MEL cells used in the initial fusion. 

None of the aforementioned cell systems 
completely minor* »duit prythropoiesi«i mat i*. y- 
globin expression is markedly higher than normal 
adult human physiological levels, even m those 
cell lines where p-globin is the m*jor specie 
synthesized. Thus, these models can ouly be used 
to screen for enhancement of all ready existent 
low-level y-globin gene expression, rather than 
select for activation of a ailent y-globin gene. We 
reasoned that imtnoruliaed cells derived from the 
bone marrow of p-YAC transgenic mice might 
express exclusively p-globin, since the human 
pattern of globin trausgene synthesis was 
recapitulated m these mice. p-YAC bone marrow 
cells (BMCs) were established using an amficval 
proliferation signal comprised ot the 
mrombopoierin (mpl) signaling domain fused to 
FKBP binding domains responsive to a chemical 
inducer of dimerization (CIP; 12-14). In the 
presence of a ClD, homodimers are generated and 
me resultant growth signal maintains ihe BMC 
population indefinitely as long as the ClD is 
present. These cells exclusively express human P- 
globin, but y-globin expression can be reactivated 
by various treatments or through the presence ofa 
hereditary persistence of fetal hemoglobin (HPFH) 
mutation in the V globm gene. Therefore, these 
CID-dependent, multi-potential p-YAC BMCs 
provide a mo4el system in which y-globin protein 
minsactivators can be selected and pharmacologic 
inducers of HbF definitively screened. 



EXPERIMENTAL PROCEDURES 
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Transgenic mice. Generation of p-YAC 
transgenic nuce was described previously ()). 
Ppo-\$% p-YAC transgenic mouse line I, 
containing the 155 Kb p-YAC (I s ), °r -? 17 
YaC transgenic nvice, containing the 248 Kb -1 17 
Y 1 QTcdc HPFH p-YAC (16), were the sources of 
hone marrow or fetal liver used to establish CID- 
dependcut cell populations. 

Derivation of arug-dependeni muUl-poientia! 
cells mi cell culture. CU>-depcudcW cells wcrt 
derived as described previously (14, 17). Briefly, 
S- flucrourucil (5-FU; 150 rug/kg) was injected 
intmpcritoneally into 155 Kb wild-type p-YAC 
Transgenic mice. After 48 hours, marrow cells 
were collected and cultured for 48 boors in 
Pulbecco'a Modified Eagle Medium (DMEM) 
containing 16% fetal calf aerum (Hyclone; Logan, 
VT), 5% mouse 1L-3 supplement (8D, Bedford, 
MA) rhlL-6 (100 ag/rol) and rmSCF (50 ug/ml; 
Cbcmicon, Tcmecula, CA) at 37°C in 5% CO* 
After pre-smnulution, cells were transferred onto 
irradiated (1,500 cGy) GPH+86 producer cells 
containing a F36V-raodified FKBP12 derivative 
fused to the intracellular portion of the 
thrombopoietin receptor, mpl. Two F36Vmpl 
vectors wero used, one containing a GFP marker 
downstream of an internal nbosomal entry site 
(IRES, 17), or a neo reporter expressed from a 
separate PGK promoter (14). Transductions were 
carried out using the same growth factory as for 
prestimularion wiifc the addition of polybrene (8 
Hgftnl; Sigraa-Aldrich, St. Loais, MO). After 48 
hours, cells were washed and cultured in the 
presence of AP2Q187 dimcrizer (100 nmol/1; Ariad 
Pbannaceuticals, Cambridge, MA) in Ucovc's 
Modified Dulbecco's Medium (1MDM) containing 
10% PCS, penicillin and streptomycin. C(D- 
dependent BMCs were sirnflariy established from 
248 Kb -117 Greek HPFH p-YAC transgenic 
mice. This approach also was used to establish 
drog-dependent cells from transgenic murine fetal 
liver (day 12 post-conception). Livers were 
dissected from day 12 fetuses and single cell liver 
suspensions prepared as described (18). 

Stable transection of CID-dependent wild-type fl- 
YAC BMCs wiih pcDNA3.J/ffysro ggl-VFM. A 
0.8 Kb Apal-HindUl (New England Biolabs, 



Beverly, MA) fragment was isolated from 
pcONA-ggl-VP64-HA (19) and ligatcd into Apal- 
fiindUl-cui and phosphatasod (calf intestinal 
alkaline phosphatase, Promcga, Madison, W0 
pcDNA3.1/Hygro (+) (Invitrogcn, Carlsbad, CA) 
to produce peDNA3.1/Hygro ggl-VP64 so that 
transfectcd cdl* could be selected for hygromycin 
resistance. CID-depcndcnt cells derived from |J- 
YAC mice (3.5 x 10 6 ) were washed in PBS and 
resuspended in 0.8 ml DMEM During the 
transfection, both cells and die 
ONA/Lipo&ctaminc (Invitrogcn, Carlsbad, CA) 
mix were maintained in PMEM- Hie 
DNA/Lipofcctwnine mix was prepared according 
to the manufacturer's instructions using 4 ng 
plasmid ONA m 10 pi Lipofecxanunc; this mix 
was incubated for 45 minutes. Cells were added to 
the PNA/Lipofectamino and the transfecrion 
mixture was incubated fbr 6 hours at 37°C in 5% 
COj before adding 3 ml 1MDM confining 10% 
heat inactivated fetal bovine scrum (PBS), 2 mM 
J^ghttaraine, 1 mM sodium pyruvate, IX non- 
essential amino acids and 10 mM HEFES 
supplemented with CfD and 0.1 ml extra FBS. 
After overnight incubation, cells were centrifugod 
(200 x g, room temperature) and resuspeuded in 
IMDM supplemented with C1D and 200 pg/rol 
hygromycin. After selection, clones were 
generated by limiting dilution and wwe screened 
by Southern blot hybridization analysis (data not 
shown)* 

Enforced expression of potential fetal globln 
transaenvasors in CJD-dependcnt wild-type fi-YAC 
BMCs, Enforced erythroid-specific expression of 
cDNAs may be obtained by cloning them into the 
unimie £g/n restriction enzyme site of a derivative 
of our expression vector, pu'LCR-p pr-fefll-p 
inr2-enb (20, 21). Full-length cDNAs of human 
NF-E4 (550 bp, 22), FKLF (H KLFll, 1.6 Kb, 3) 
or FGIF (750 bp, 23) were generated by RT-PCR 
using reaction conditions described below from 
total RNA isolated from K562 cells with forward 
and reverse primers containing a flg/ll site to 
allowrigaaonofthecOMAinto the vector. Primer 
sequences were: NF-E4, 5 1 - 

GATACAATAAAQAIECCTGCCTCGTGTTGT 

CTGTTG-3' (forward), 
CATATATAGAi^QAlCITrACCCTTGGCTCA 

GATGAA-3' (reverse), FKLF, 5'- 
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G aaGATCTC CTGGACGATGCACaCG-3 1 
(forward), 5'- 
AG ATCT a GGC AG AGGCTGGC AT-3 1 (reverse), 
and FGIF, 5'* 

GATACAATAAAGA1CIATGGAAAAAGAAA 
AAGGAAA-3 1 (forward), 5'- 

GATATATAGAAGAierrrAAGACTGAGGT 
GAAGAAT-3' (reverse). The Bglll sites arc 
underlined. The 0.8 Kb Apal-Hindlll g£l-VP64 
fragment described above was made blunt-ended 
and lighted into -flfc/H-cut, blunt ended and 
phospbawsed pu'LCR-p pT-BgM-$ inC-cnh, 
These constructs were bpofected into ClD* 
dependent wild-type f^YAC BMCs as described 
above. 

Characterization of AF2Q}87-dependent cells. 
Bone marrow- and fetal liver-derived cells were 
expanded and harvested: at various times during 
culture for analysis of murine and human globin 
gene expression by RNAae protection (24), RT- 
PCR, or antibody staining (21) to detect globin 
chains. 

For antibody staining, cells were washed 
with PBS in 15 ml conical rubes, then fixed in one 
ml freshly prepared 5% parafonnald^yde/PBS, 
pH 7 X &r one hour ax 37°C, After addition of 10 
ml PBS/0.1% BSA (PBS/BSA), cells wore 
centritttged at 200 x g for 5 minutes, resuspended 
in 0.5 ml methanol and incubated at room 
temperature for five minutes. Ten ml PBS/BSA 
were added; cells were centrifuged and washed 
once more in PBS/BSA. Cell* were resu=*pcnded 
in 100 ul PBS/BSA containing 0.1% triion X-100 
(PBT) and incubated for 30 minutes at room 
temperature with one ug primary mouse anri- 
human y-globin chain annbody (Cortex caialog ti 
CR8 1 15M1 , San Leandro, CA) diluted in PBT- 10 
ml of PBS/BSA were added and cells were 
centrifuged as above. This wash was repeated 
twice more, Celb were rcsuspeuded in 100 uJ 
PBT and incubated with 100 ul secondary FlTC- 
labeled goat ami-mouse IgG annbody (Jackson 
ImmunoRcsearch laboratories, catalog #115-095- 
146, West Grove, PA) diluted 1:750 in PBT at 
room temperature for 30 minutes. Cells wens 
washed in the same manner as for the primary 
anubody. Pellets were resuspended in 50 pi PBS; 
5 jd alitjuots were applied to slides. Control 
samples were prepared similarly except that the fix 



only control had no antibody added and the 
secondary antibody control had no primary 
antibody added. Results were observed with a 
Nikon E800 microscope ai 200 x magnification 
using an EF-4 FITC Hyq filter set. Results were 
documented using a Photometries Cool Snap ES 
camera and MetaMorph software. Software was 
set to automatically correct for non-specific 
background using an image of the secondary 
antibody control sample. 

Analysis of globin and transcription factor mRNA 
levels wing RT-PCR. Total cDNAs were 
synthesized from RNA isolated train p-YAC bone 
marrow or fetal liver cells using an oligo-dT 
primer (Promcga, Madison, WI) and Superscript E 
reverse transcriptase (luviirogen, Carlsbad, CA). 
One ug of total RN a was combined with 0.5 ug 
ollgo-dT in a total volume of U yd und preheated 
at 70 0 C for 10 minutes. The reaction mixture was 
then cooled rapidly on ice followed by the addition 
of 4 pi SX first strand buffer, 2 ulO.l M DTT, 1 ul 
10 roM dNTP mix and I ul RNasin. The reaction 
mixture was heated to 42°C for 2 minutes, at 
which point 1 ul of Superscript II RT was added 
and the reaction was incubated at 42°C for 50 
minute* The RT enzyme was heat inactivated by 
incubation at 70°C. 

For globin gene products, PCR was 
performed using the following three sets of 
primers in a single reaction; mouse a-globm, 5'- 
GATTCTGACAGACTCAGGAAGAAA03' 

(forward), 5 '" 
CCTJTCCAGGGCTTCAGCTCCATAT-3' 

(reverse), human -y-globin, 5'- 
GACCGTHTGOCAATCCATTTCO' (forward), 
5'-TATTGCTTGCAGAATAAGCC-3' (reverse), 
and human p-gjobin, 5'- 

ACACAACTGTGTTCACTAGCAACCrCA -3' 

(forward), 5 '~ 
GGTTGCCCATAACAGCATCAGGAGT^' 

(reverse). Bach reacnon contained 5 ul I OX NH* 

buffer, 2 ul 50roM MgCl 2 , 0,5 ul 25mM dNTP 

mix, 25 pruol forward primers, 25 prnol reverse 

primers, 2 ul cDNa. and I U Biolase Taq 

polymerase (Biolme, Randolph, MA). PCR was 

carried out with initial denaturation at 9?C for 7 

minutes, 25 cycles of 1 minute steps at 95 C, 

58°C, and 72°C, followed by a final extension at 

72°C for 10 minutes. All globin primers were 
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designed to cross an exon so that RNA-templaied 
revOTotracscnbod PNA amplification product 
could be distinguished from gene amplification 

products. , _ 

Similar reaction condinons were used tox 
FGW and mRJ^As; primer sets were ibe 

same as used co generic the full-length cENA 
clones described above RT-PCR for ggl-VT64 
mRNA was performed as described, except that 
the first PGR was omitted (19). All of the PCR 
reactions to detect expression were semi- 
quantitative. 

RESULTS AND DISCUSSION 

Wc have previously described a system 
thai allows mulu-potential ceil hues to be 
established from murine bone marrow. This 
system uses a retroviral vector to iatroduc© « gene 
encoding a conditional signaling molecule into 
mouse BMCs. followed by activation of the 
signaling molecule using a small molecule drug 
called a chemical inducer of duwization (25). A 
Cultivated derivative of the tbrumbppoieun 
receptor, rapl, induces transduced mouse BMCs to 
expand dramatically in culture. Cells generated in 
this manner adopt predominantly mcgaiaryocyTic 
features but also include muju-poicutial 
progenitors capable of generating monocytes, 
neutrophils and erythroid cells, but not 8 or T 
lymphoid cells upon addition of the appropriate 
growth factors (17, 26). Cultures can be 
maintained for longer than a year, and cell growth 
remains strictly dependent upon the continued 
presence of the CTP. Our initial studies 
demonstrated that cells generated in this manner 
expressed adult mouse a-, p 0 *- and p^-globin 
iuRNAs that could be readily detected by RNase 
protccuon assays (RPAs; data not shown). 

To test whether the human p-globin locus 
would be appropriately regulated in cells derived 
from the bone marrow of adult mice, wc generated 
F36Vropl-traasduccd cells from transgenic mice 
containing a 155 Kb (J-YaC, Three mdVpendent 
cell populations were established and assessed. 
RPAs demonstrated that the resultant C in- 
dependent cells expressed human p-globin mRNA, 
but not human y-globin, establishing that proper 
developmental control was maintained (Figure 1, 
panel A). The higher level of human p-giobin 



relative to mouse a-globin was attributed to a 
significant reduction in mouse o>globin levels in 
iht cells compared to the p-YAC mice. A parallel 
decrease in mouso p-globin mRNA was also 
observed (data not shown). These findings also 
indicate a lack of environmental influence on the 
pattern of Mke giobin gene expression, 
suggesting that the mechanisms regulating ^ 
globiu expression are cell-autonomous. 

To confirm that the pattern of giobin gene 
expression observed in p-YAC mice is maintained 
in derivative cell lines, we performed two 
additional studies. First, we examined the pattern 
of giobin gene expression in ceils derived from 
transgenic mice containing a 248 Kb -117 Greek 
HPFH p-YAC In humans, a point mutation (G to 
A trans version) at position -117 relative to the 
mRNA start siie of the Vg^bin gene causes the 
Greek form of hereditary persistence of fetal 
hemoglobin (2), Previous studies showed that - 
117 V Greek HPFH p-YAC transgenic mice 
maintained human y-globin expression into adult 
life (16). Similarly, three independent cell 
populations derived from the marrows of these 
mice expressed significant levda of y-globia in 
addiuon to p-globin (Figure 1, panel A). The 
presence of human Y-globin chains m *ese cells 
was confirmed by fluorescent anri-Tr-globin 
antibody staining (Figure 1, panel B). Although y- 
giobin chains were detected, no hemoglobin was 
formed in these multi-potential cells as assessed 
hy benzidine staining. 

AS a second test of whether the pattern of 
p-like giobin gone expression in p-YAC mice was 
reflected in the derived cells, wc generated cell 
populations from the fetal liven* of post-gestation 
day 12 wild-type p-YAC mice, which express 
significant levels of 7-6*°^ ta thiee 
independently derived cell populations, human p- 
globin mRNA was detected by RT-PCR, whereas 
y-globin mRNA was not expressed (data not 
shown). These results arc consistent with either a 
switch from 7- to p-globin gene expression prior to 
or during establishment of cell culture, or 
alternatively, that fetal liver cells capable of 
extensive growth in the presence of F36Vmpl 
signaling ore committed to the generation of 
erythroid progeny that express solely p-globin. 
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Reactivating y-globin gene expression 
may be beneficial for patients with siclde cell 
anemia, BMCs derived from ^YACnuce may be 
useful for screening putative y-glabin inducers. 
Since S-azacyudine (5-aza), an inhibitor of DNA 
methylation, is a strong inducer of y-globin gene 
expression (27. 28), wc tested whether 5-a» could 
activate y-g]obin transcription in wild-type p-YAC 
BMCs. As shown in Figure 2, panel A, 5-aza 
induced significant levels of y-globin transcription, 
thereby establishing thai y-globin gene expression 
can be induced in these cells. However, y-globin 
expression was not induced by a number of other 
compounds, including a-aminobutyric acid, 
sodium butyrate, valproic acid, or mchostatin A 

(data not shown). 

Next wc tested an artificial transcripaon 
factor for its ability to induce j-globin gene 
expression in wild-type {^YAC BMCs. We 
employed a synthetic construct, ggl-VP64, in 
which a zinc finger DNA binding domain, 
designed to target the region proximal to the -117 
position of the 7-globin promoter, was United to 
The VP64 transcriptional activator domain (19), 
This transcription feexor has been shown to 
interact directly with the y-globin promoter and to 
up-regulatc y-glabin gene expression in K562 cells 
(19). A pool and five independent clones of 
YAC ceils stably expressing ggl-VF64 displayed 
detectable levcb or 7-globin mUNA by RT-PCR 
(Figure 2, panel B). Tho weak induction of 7- 
globin observed may be due to the relatively low 
expression of ggl-V?64 from the CMV promoter, 
which is inefficient m these cells. 

Finally, the ability of previously identified 
fetal globjn transcription factor* to activate y- 
globin gene expression was assessed. Full length 
cDNAs for e»ch factor were placed under control 
of a human p-globin locus LCR/p-globin gene 
promoter cassette in a construct previously shown 
to confer crythroid-specific gene expression upon 
linked cDWas (20, 21), PGlF, FKLF and ggl- 
VP64 under control of LCR P-globin promoter 
sequences reactivated y-globin gene transcription 
in the wild-type CiD-dependcm {*-YAC BMCs 



(Figure 3, Pand A), whereas NF-E4 did not. 
Expression of all the trans activator cDNAs was 
detected at the RNA level in the BMCs, except for 
FKLF, which was not tested (Figure 3, Panel B). 
Hie inability of NF-B4 to induce y-globin gene 
expression in these cells was consistent with 
previous data demonstrating thai it does not 
reactivate fetal globin synthesis in adult transgenic 
mice (29). 

Cn>dcpendcnt p-YAC cells may be 
useful primarily for identifying transcription 
factors that reactivate y-giobin gene expression, 
and 10 a lesser extent, for screening some chemical 
inducers of y-globin expression for the treatment 
of sickle cell disease or ^-thalassemia. 7-globin 
transcription went from a completely repressed 
aiate to detectable mRNA levels in all instances 
where expression was observed. This qutditauve 
7-globin "off-on" switch is unique to these ceils; in 
other established cell lines only a change in 
constitutive expression may be measured. 
Although y-globin was activated by 5-azacyndinc 
(which affects mcthylauon) or by an HPFH 
mutation, treatments that affect acetylation 
(bmyric acid, etc.) did not induce y-giohin 
synthesis, suggesting that these cells do not 
completely mirror the erythroid phototype. 
Alternately, regulation of human 7-globin in mice 
may be fundamentally different then it is in 
numans and these cell populations reveal that 
difference. However, ggl-Y?64, FKJ-F and FGIF 
activation, coupled with the HPFH results, clcwrly 
demonstrates that these cells offer an ideal System 
to clone and characterize transcriptional activators 
lhai act directly upon the y-globin gene promoters. 

Acknowledgement We would like to thank Usyu 
Zclenchuk for animal husbandry related to the 
YAC transgenic animals utilized in this study. 
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&ing units^Urroid; MBL, mouse erymroleukemia cells; HFE, human fetal liver cells; BMC bone 
marrow cells; ClD, chemical inducer of diraerizanon; mpl. itaorabopoietw; HPFH. heredity persistence 
oTftxal lumtoglobta; 5-PU. S-fluorouracil; DMEM. Dulbecco's Modified Eagle Medium; IRES, inlcrnal 
ribosomTearry site; IMDM, tecove's Modified Oulbecco's Medium; FBS, feral bovine serum; RPA, 
RNase protection assay; S-aza, 5-azacytidioe. 

FIGURE LEGENDS 

Figure 1 . Panel A. Human Mobin transcripts are detected in Cip-depcndent cells derived ^ « W> 
wild-tvoe S-YAC Transgenic mice and ClO-dcpendent cells derived from 248 Kb -1 17 Greek HPFH p- 
SSSk nJcTihibit hereditary persistence of fetal hemoglobin (HPFH). The wwradiograph 
shows results Of RN**e protection analysis. Sample sources are illustrated above the panel; numbers 
uS«c^mpl« coUecwd ftom more than one cell poputauon or animal, nopsciea fiasme,,* « *™ 
ro the right of the pand. P BR322 Mspl molecular weight markers are shown to we loft. Hu p, human p- 
Ibin 1205 bp); Hu 7, human T -globin (170 bp); Mo a, mouse a-globin (128 bp), wi : p-YAC, wild-type 
fi-YAC transgenic mice; PL, fetal liv«r; Bl, blood. T /(r*-P) quantitative values are the averages of two 
s^a«ttl?SiSshcd cell populations; if more than two populations were analyzed standard deviauons 
are also shown. Panel B. Fluorescent antibody staining of human y-globin protein ctams (in CU> 
dependent wild-type or -117 HPFH p-YAC BMCs. y-globin chains are detected in 417 HPFH p-YAC 
S^Z. BMCs, but not * wild-type p-YAC BMCs Upper) non-transgentc BMCs. MiddU)wtid- 
rype B-YAC BMCs. Lower) -1 17 HPFH P-YAC BMCs. Background staining m the upper and mtddk 
pTebl to fixation and non-specific staimng with the secondary antibody. After background 
correction. 30% of the cells in me lower panel are positive for yglobin chain BKUmng. 

Ffeure2 Panel A. 5-Azacyddine reactivates y-globin mRNA synthesis in ClD^lerierident wild-type p- 
VS: bone Irrow-derived cells. Five H g of rotal RNA was subjected ro £ 
indicated above the autoradiograph. Sample names, treatment and concentration, of 5-A£ when 
mSudS are shown above the autoradiograpb; protected fragments are shown on the right si of the 
autoSgnph. molecular weight markers on the left. Abbreviations ate as described »^'^ u 
SSTj. AioveraU decrease in globin mRNA production due to cytotoxicity was observed at 20 rnM 5- 
STtwS quantitative values are as described in Figure 1. Pane) B. y-globm expression is rented 
ta^lvP^a synthetic y-globin-specific Zn fwger activator F <*a». » Cp-dependeni wUd-typc p- 
YAC BMcTpoolsand clones Linearized pcQNAS.l/Hygro ggi-VP64 was Upofected «*. eells; clone, 
were obtained from the transfected cell pool by limited dilution. Sample names are shown above tie 
Sr. molecular weight markers to the left and R«CX product, to the ^M™^""^ 
Panel A. Expression of globin mRNAs in the pool or clones was assayed by • RT-PCR (Upper). 
Expression of ggl-VPM was assessed by RT-PCR (Lower) Hu p, 212 bp; Hu y, 165 bp; Mo a, 122 bp; 
ggl-VP6*,300bp. 

Figure 3. Panel A, Fetal globin transcriptional activators induce y-globin gene expression in CID- 
dqpendent wild-type B-YAC BMC pools. Linearized pu'LCR-p p«DNA-p int2-*ul .constructs were 
into cells Sample wanes and fuU-lengtb cPNAS tested are shown above *e 'mage. 
Expression of globin mRNAs in the pools was assayed by RT-PCR. Labeling is as for Figure 2, Panel B. 
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Panel B Exnrsasion of transcription factor was assessed b> RT-PCR. Sample name* ^ shown above 

BMCs uaasfceted wi* indicaied cDNA clone. MoJccular wc,ght ^.j^**™?*? 
left side 1$ flic image wd sizes of RT-PCR fiagmews are d^Uycd on we Tight nfe FGIF, 150 bp, NF- 
64, 600 bp; ggl-VP64, 300 bp. 
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